REMARKS 

Claims 1-43 are all the claims pending in the Application. 

Applicant notes with appreciation that claims 17 and 38 have been indicated as 
allowable, subject to the 35 U.S.C. § 1 12 rejections set out below. 

Applicant further notes with appreciation that the references considered in parent 
application Serial No. 09/512,781, as identified in the previously submitted IDS, have been 
considered. 

The drawings have been objected to as not showing every feature of the invention as 
recited in the claims. Applicant submits herewith a replacement drawing sheet depicting 
FIG. 3, and a newly submitted drawing sheet depicting new FIGS. 4 and 5. The only 
change to FIG. 3 is that the optics device shown in this figure has been designated with 
reference numeral 100. FIG. 4 depicts a monolithic optics device, as recited in, for 
example, claims 14 and 35. FIG. 5 depicts an monolithic, integrated optics device as recited 
in, for example, claims 15 and 36. Support for FIGS. 4 and 5 may be found in the 
specification at, for example, page 7, paragraph [0018], pages 18 and 19, paragraphs [0044] 
and [0045], and page 20, paragraphs [0048] and [0049]. 

Applicant declares that the amendments the specification, as well as the 
replacement and newly submitted drawing sheets submitted herewith contain no new matter. 
It is believed that these drawing sheets are fiiUy responsive to the objections raised in the 
Office Action, and Applicant respectfiiUy requests that these objections be withdrawn. 

The specification has been objected to because of several informalities. The 
forgoing amendments are believed to be fiiUy responsive to this objection. Pursuant to the 
Examiner's request, Applicant has made reasonable efforts to check the specification for 
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possible errors. The foregoing specification changes have been made. Applicant 
respectfully requests that this objection also be withdrawn. 

Claims 17 and 38 stand rejected under 35 U.S.C. §112, first paragraph, as failing to 
comply with the enablement requirement. Claims 17 and 38 also stand rejected under 35 
U.S.C. §1 12, second paragraph, as being indefinite. Claim 43 stands rejected under 35 
U.S.C. §102(b) as being anticipated by a publication by Ozaktas et al. (JOSA, 1994). 
Claims 1-16, 18-37, 39- 42 stand rejected under 35 U.S.C, §103(a) as being unpatentable 
over Ozaktas in view of a number of different references. 

Claim Objections 

Claim 40 is objected to since it purportedly recites elements of a method without 
introducing any additional active method steps. It is believed that the foregoing amendment 
to this claim is fully responsive to the points raised by the Examiner. Accordingly, 
Applicant respectfully requests that this objection be withdrawn. Applicant notes that the 
amendment to this claim corrects an obvious error, and the scope of this claim remains 
unchanged. Note also that claim 39 has been amended for similar reasons, and thus the 
scope of that claim also remains imchanged. 

The Office Action further notes that claims 23 -28, and 30-3 1 are written in the 
passive voice, and requests that these claims be rewritten using terminology in the active 
voice. Applicant respectfully declines the invitation to rewrite these claims for the 
following reasons. 

First, Applicant acknowledges that 35 U.S.C. § 1 12, second paragraph, requires 
claims to particularly point out and distinctly claim the invention. The primary purpose of 
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this requirement of definiteness of claim language is to ensure that the scope of the claims is 
clear so the public is informed of the boundaries of what constitutes infringement of the 
patent. MPEP § 2173. A secondary purpose is to provide a clear measure of what an 
Applicant regards as the invention so that it can be determined whether the claimed 
invention meets all the criteria for patentability and whether the specification meets the 
criteria of 35 U.S.C. § 1 12, first paragraph, with respect to the claimed mvention. Id. 

hi claims 23 -28 and 30-31, Applicant has used terminology such as "is 
determined," "is controlled," and "are accomplished." These limitations are unambiguous, 
and serve to further limit the invention according to their respective recitations. Applicant 
recognizes that each of these limitations could he rewritten in the active voice, but the 
relevant patent laws and rules do not require the redrafting of these claims. Lideed, a 
fundamental principle contained in 35 U.S.C. § 1 12, second paragraph, is that applicants are 
their own lexicographers. "They can define in the claims what they regard as their invention 
essentially in whatever terms they choose so long as the terms are not used in ways that are 
contrary to accepted meanings in the art." MPEP § 2173.01. Accordingly, Applicant 
respectfully declines the Examiner's invitation to rewrite these claims using the suggested 
language, and requests that the objection to these claims be withdrawn. 

Rejection Under 35 U>S.C. SI 12, first paragraph 

The Examiner has rejected claims 17 and 38 under 35 U.S.C. §112, first paragraph, 
as failing to comply with the enablement requirement. These claims are directed to a system 
and method for optically filtering original images comprising a particle beam. 

First of all, it is to be understood that the fundaimental principles of coherent 
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Fourier optics also applies to particle beams. As such, the material provided in the 
specification relating to the filtering of light applies equally to the filtering of particle 
beams, as is known to one of ordinary skill in the optical imaging art. As set forth below, 
the specification specifically describes this association between light and particle beams. 
Moreover, a number of published references addressing electron beam microscopy or 
electron beam lithography additionally support this position. 

One such publication is the modem summary reference by Spense entitled "High- 
Resolution Electron Microscopy" Oxford 2003. (Attachment A, pages 1-16). Applicant 
respectfully invites the Examiner to view chapter 2 of the Spense reference entitled 
"Electron Optics" and chapter 4 entitled "Coherence and Fourier Optics." Sections 4.1 
and 4.2 specifically address electrons repeatedly and explicitly in establishing the context 
for the remaining portions of that chapter. With respect to optical elements for particle 
beams: section 2.1 discusses electron lenses; figure 2.3 explicitly shows "an electron 
microscope with two condenser lenses"; table 2.1 lists focal lengths of such lenses; 
section 2.5 discusses electron projector lenses; section 2.5 discusses electron objective 
lenses; and figure 2.10 compares physics of objective and projector electron lenses. 

Spatial filtering, via apertures such as grids, gratings, and pin holes, is also known 
for coherent radiation. This topic is addressed in a publication by Chang et al. entitled 
"Spatial Coherence Characterization of Undulator Radiation" (http://www- 
als.lbl.gov/als/compendium/AbstractManager/uploads/99137.pdf) (Attachment A, pages 
17-19). Chang discusses filtering by magnetic or electrostatic fields, diffraction, and of 
course transmission through spatially variant materials which is a major focus of 
transmission electron microscopy (for example, see the basic transmission electron 
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microscope reference located at http://www.unl.edu/CMRAcfem/temoptic.htni) 
(Attachment A, pages 20-21). 

Notwithstanding the known association between coherent Fourier optics and 
particle beams, the present specification states that optical fiUering according to 
embodiments of the invention apply to "conventional lens-based optical image processing 
systems as well as to systems with other types of elements obeying Fractional Fourier 
optical models and as well as to widely ranging environments such as . . . particle beam 
svstems ... (emphasis added) (See Specification, page 1, para. [0002]; see also page 7, 
para. [0018]; page 20 para. [0048]). 

The specification clearly enables one of ordinary skill to practice the claimed 
invention with regard to the filtering of light. Applicant has also demonstrated that it is 
well known that the principles of coherent Fourier optics also applies to particle beams. 
Furthermore, Applicant has identified various exemplary portions of the specification 
which state that the disclosed optical filtering systems and methods relate to "particle 
beam systems." For these reasons, the present disclosure provides more than the 
requisite teaching to enable one of ordinary skill to make and use the invention recited in 
claims 17 and 38, which each recite a particle beam. 

Rejection Under 35 U,S.C, SI 12, second paragraph 

The Examiner has further rejected claims 17 and 38 under 35 U.S.C. §112, second 
paragraph, as being indefinite. 

It seems that the basis for the rejection of these claims hinges on the purported 
lack of disclosure of particle beams as associated with original images. However, 
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Applicant has demonstrated above in the comments to the rejection under 35 U.S.C. 
§112, first paragraph, that the principles of coherent Fourier optics also applies to particle 
beams. Applicant has also shown that the instant specification specifically states that 
embodiments of the invention apply to conventional lens-based optical image processing 
systems as well as to particle beam systems. (See Specification, page 1, para. [0002]; see 
also page 7, para. [0018]; page 20 para. [0048]). Consequently, the specification not only 
describes embodiments in which the original image comprises light (claim 16 and 37) but 
also describes embodiments in which the original image comprises a particle beam 
(claims 17 and 38). 

Claims 17 and 38 clearly and distinctly claim the aspect in which the original 
image comprise a particle beam and are therefore not indefinite under 35 U.S.C. §112, 
second paragraph, as asserted in the Office Action. For the foregoing reasons, Applicant 
requests that the various rejections to claims 17 and 38 under 35 U.S.C. § 1 12, first and 
second paragraph, be withdrawn. 

Rejection Under 35 V.S.C. S102(b) 
as being Anticipated by Ozaktas 

The Examiner rejects claim 43 under 35 U.S.C. § 102(b) as being anticipated by a 
publication by Ozaktas. Independent claim 43 is directed to a method which includes 
selecting a positive-definite optical transfer function element based upon which non- 
positive-definite transfer function is to be applied to an image. 

Applicant's review of Ozaktas reveals a discussion relating to optical filtering 
using noise reduction. For example, figures 3-5 on page 554 of the Ozaktas reference 
depict various filtering schemes that have been selected to achieve some desired noise 
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separation. Ozaktas further describes the selection of binary on-off ampHtude masks 
based on noise separation on a particular domain (Ozaktas, page 554, right column). 
Ozaktas specifically mentions that noise separation can be accomplished by three 
consecutive filtering operations using three different types of amplitude masks (Ozaktas, 
page 554, right column, first partial paragraph). 

Applicant assumes arguendo that the binary amplitude masks of Ozaktas, as 
asserted in the Office Action, teach a positive-definite optical transfer element as recited 
by claim 43. Ozaktas would therefore provide, at best, the selecting of a positive-definite 
optical transfer fiinction element (binary amplitude mask) based upon noise separation 
that is desired in a particular domain. More importantly, this reference does not even 
mention the selection of a transfer element for any other reason other than to filter noise. 
Accordingly, Ozaktas cannot teach or suggest the selecting of a transfer fiinction element 
based upon which non-positive-definite transfer function is to be applied to an image, as 
specifically recited in claim 43. In view of the foregoing, Ozaktas fails to teach or 
suggest at least one feature recited in independent claim 43 and therefore this claim is 
believed to be patentable. 

Rejections Under 35 U.S.C. $103(a) 

The Examiner next rejects claims 1-16, 18-37, 39-42 under 35 U.S.C. §103(a) as 
being unpatentable over Ozaktas in view of an number of different references. 

Independent claim 1 is directed to a system having a positive-definite optical 
transfer fiinction element having a pluralitv of non-zero transmission amplitude values . 

In the Office Action, Ozaktas is characterized as disclosing an amplitude mask 
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positioned within a region that is outside a Fourier transform plane (Office Action, page 
7, first partial paragraph). Applicant's review of Ozaktas reveals a discussion on the use 
of "binary on-off amplitude mask filters" (Ozaktas, page 554, right column, first fiiU 
paragraph). The amplitude mask filters described by Ozaktas are limited to only two 
possible amplitude values; specifically, on or off. Simply put, the binary filters of 
Ozaktas either transmit or block a received signal. Furthermore, Ozaktas lacks any 
disclosure relating to any other type of filtering schemes and as such, lacks any teaching 
or suggestion relating to a transfer fiinction element having a plurality of non-zero 
transmission amplitude values. 

Applicant assumes for the sake of argument that the binary amplitude masks of 
Ozaktas teach a positive-definite optical transfer element as recited by claim 1 . Ozaktas 
would therefore provide, at best, a transfer fimction element (binary amplitude mask) that 
has only two possible amplitude values. Although the Ozaktas transfer function element 
has two possible values, onlv one of these values is non-zero. As such, the transfer 
function element of Ozaktas only provides a single non-zero transmission amplitude. 
The binary masks of Ozaktas are incapable of providing more than one non-zero 
transmission amplitude and thus this reference cannot teach a transfer fimction element 
having a plurality of non-zero transmission amplitude values, as recited by claim 1. 

Applicant fiirther notes that none of the cited references teach or suggest a 
transfer fimction element having a plurality of non-zero transmission amplitude values 
and therefore none of these reference can remedy the deficiencies of Ozaktas. 
Accordingly, even if one skilled in the art were to combine the teachings of these 
references in the manner asserted, the resulting system would not teach or suggest all of 
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the recited claim elements. For these reasons, claim 1 is also believed to be patentable 
and dependent claims 2-16, and 18-21 would also be patentable at least by virtue of their 
dependence upon claim 1. 

Independent claim 22 is directed to a method which includes selecting a positive- 
definite optical transfer function element based upon which non-positive-definite transfer 
function is to be applied to the original image. Applicant has demonstrated above that 
Ozaktas does not teach or suggest this particular feature. Applicant further notes that 
none of the cited references supply any of the stated deficiencies of Ozaktas. Therefore, 
for the reasons presented above, even if one skilled in the art were to combine the 
teachings of these references in the manner asserted, the process disclosed by the various 
references would not teach or suggest all of the recited claim elements of claim 22. 
Based on the foregoing, claim 22 is also believed to be patentable and dependent claims 
23-33, 35-37, and 39-42 would also be patentable at least by virtue of their dependence 
upon claim 22. 

In addition. Applicant has reviewed the various cited but not applied references 
identified on page 16 of the Office Action. They are interesting and appear to be generally 
related technology, but there is nothing of sufficient relevance to require detailed discussion. 

CONCLUSION 

Applicant believes that the Examiner's rejections have been overcome and 
submits that the subject application is in condition for allowance. Should any issues 
remain unresolved, the Examiner is invited to telephone the undersigned attorney. 

The Commissioner is hereby authorized to charge any fees that arise in 
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connection with this filing which are not covered by the money enclosed, or credit 
overpayment, to Deposit Account No. 02-0460. 



Dated: October 5, 2004 

THE MAXHAM FIRM 
750 'B' STREET, SUITE 3100 
SAN DIEGO, CALIFORNIA 92101 
TELEPHONE: (619)233-9004 
FACSIMILE: (619) 544-1246 



Respectfully submitted, 



LESTER F.LUDWIG 



By: Jeffrey J. Lotspeich 

Attorney for Applicant 
Registration No. 45,737 
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Spatial Coherence Characterization of Undulator Radiation 
C. Chang*, P. Naulleau, E. Anderson and D. Attwood* 

Center for X' Ray Optics, Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA 
* Department of EECS, University of California, Berkeley, CA 94720, USA 

Introduction 

Coherent radiation offers important opportunities for both science and technology. The well 
defined phase relationships characteristic of coherent radiation, allow for diffraction-hmited 
focusing (as in scanning microscopy), set angular limits on diffraction (as in protein crystal- 
lography), and enable the convenient recording of interference patterns (as in interferometry 
and holography [1,2]). While coherent radiation has been readily available and widely uti- 
lized at visible wavelengths for many years, it is just becoming available for wide use at 
shorter wavelengths[3,4). This is of great interest as the shorter wavelengths, from the ex- 
treme ultraviolet (EUV, 10-20 nm wavelength), soft x-ray (1-10 nm), and x-ray (<1 nm) 
regions of the spectrum, correspond to photon energies that are well matched to the pri- 
mary electronic resonances (K-shell, L-shelL etc.) of essentially all elements, thus providing 
a powerful combination of techniques for the elemental and chemical analysis of physical 
and biological materials at very high spatial resolution. Tunable, coherent radiation in these 
spectral regions is available primarily due to the advent of undulator radiation at modern 
synchrotron facilities, where relativistic electron beams of small cross-section transverse pe- 
riodic magnet structures, radiating very bright, powerful, and spatially coherent radiation at 
short wavelengths. Recent progress with EUV lasers, high laser harmonics, and free electron 
lasers may soon add to these capabilities. In this paper we utilize the classic two-pinhole 
diffraction technique, an extension of Young's two-slit interference experiment, to simply and 
accurately characterize the degree of spatial coherence provided by undulator radiation. We 
show that, with the aid of modest pinhole spatial filtering, undulator radiation can provide 
tunable short wavelength rachation with a very high degree of spatial coherence at presently 
available user facilities. Spatially coherent power of order 30 mW is available in the EUV, 
and is expected to scale linearly with wavelength to about 0.3 mW in the hard x-ray region. 

Experiment 

For radiation with a high degree of coherence and a well-defined propagation direction, it is 
convenient to describe coherence properties in longitudinal and transverse directions. For a 
source of diameter rf, emission half-angle 0, and full spectral bandwidth AA at wavelength 
A, relationships for full spatial coherence and longitudinal coherence length, Zco/i, are given 
respectively by 

d-e = A/27r (1) 

and 

leak = AV2AA (2) 

where d, 9, and A A are 1/y/e measures of Gaussian distributions. Based on measures of the 
source size and theoretical predictions of the emission angle, it is estimated that undulator 
radiation, as discussed in this paper, emanating from an electron beam of highly elliptical 
cross-section, will approach full spatial coherence Eq.(l) in the vertical plane, while being 
coherent over only a fraction of the radiated beam in the horizontal direction. Here we 
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present a detailed characterization of an undulator beamline optimized for operation in the 
EUV regime. 

Undulator beamline 12.0 was developed to support high-accuracy wave-front interfer- 
ometry of EUV optical systems. With an electron beam of elliptical cross-section, having a 
vertical size dy = 2av = 32 fim, and an emission half-angle 0 = 80 ^irad (the central radiation 
cone containing 0,1/ N relative spectral bandwidth), the product d • 5 is just slightly larger 
(20%) than A/27r at the 13.4 nm wavelength used in these experiments. Thus we expect to 
see strongly correlated fields, of high spatial coherence, in the vertical plane. The horizontal 
beam size is considerably larger with dh = 2(7/^ = 520 //m, so that with approximately the 
same emission half-angle we expect it to be spatially coherent over only a fraction of the 
horizontal extent of the radiated beam. 

The coherence properties of undulator radiation within the central radiation cone have 
been measured using the well known Thompson- Wolf two-pinhole method [5]. A very high 
degree of spatial coherence is demonstrated, as expected on the basis of a simple model. The 
effect of an asymmetric source size on the resultant coherence properties is observed, and is 
consistent with aperturing within the beamline optical system used to transport radiation 
to the experimental chamber. Based on these observations and well understood scaling 
of undulator radiation, it is evident that high average power, spatially coherent radiation 
is available at modern storage rings with the use of appropriate pinhole spatial filtering 
techniques. 
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Figure 1: Measured two-pinhole interference patterns for horizontal pinhole separation of 
4-)U77i, with a beamline acceptance aperture of half-angle 48^rad. Pairs of nominally 450 nm 
diameter are used. Images are recorded on an EUV CCD camera. The wavelength used is 
A = 13.4nm with a bandwidth of A/AA = 55. The pinhole diffraction patterns overlap and 
produce the Airy envelope. 
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Transmission Electron Microscope (TEM) 



TEMs are patterned after Transmission Light Microscopes and will yield similar information. 
Morphology 

The size, shape and arrangement of the particles which make up the specimen as well as their 
relationship to each other on the scale of atomic diameters. 

Crystallographic Information 

The arrangement of atoms in the specimen and their degree of order, detection of atomic-scale 
defects in areas a few nanometers in diameter 

Compositional Information (if so equipped) 

The elements and compoimds the sample is composed of and their relative ratios, in areas a few 
nanometers in diameter 



A TEM works much like a slide projector. A projector shines a beam of light through (transmits) the 
slide, as the light passes through it is affected by the structures and objects on the slide. These effects 
resuh in only certain parts of the light beam being transmitted through certain parts of the slide. This 
transmitted beam is then projected onto the viewing screen, forming an enlarged image of the slide. 

TEMs work the same way except that they shine a beam of electrons (like the light) through the 
specimen(like the slide). Whatever part is transmitted is projected onto a phosphor screen for the user to 
see. A more technical explanation of a typical TEMs workings is as follows (refer to the diagram 
below): 



The "Virtual Source" at the top represents the 
electron gun , producing a stream of 
monochromatic electrons. 
This stream is focused to a small, thin, coherent 
beam by the use of condenser lenses I and 2. The 
first lens (usually controlled by the "spot size 
knob") largely determines the "spot size"; the 
general size range of the final spot that strikes the 
sample. The second lens(usually controlled by the 
"intensity or brightness knob" actually changes 
the size of the spot on the sample; changing it 
from a wide dispersed spot to a pinpoint beam. 
The beam is restricted by the condenser aperture 



Virtual Source 

r . Fi r3t Co nde nse r Le ns 

1. Second Condenser Lens 

Condenser Aperture 



Sample 

Objective Len.^ 

Objective Aperture 
Selected Area Aperture 




http://www.unl.edu/CMRAcfem/temoptic.htm 
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(usually user selectable), knocking out high angle ^ 
electrons (those far from the optic axis, the dotted line down the center) 

4. The beam strikes the specimen and parts of it are transmitted 

5. This transmitted portion is focused by the objective lens into an image 

6. Optional Objective and Selected Area metal apertures can restrict the beam; the Objective 
aperture enhancing contrast by blocking out high-angle diffracted electrons, the Selected Area 
aperture enabling the user to examine the periodic diffraction of electrons by ordered 
arrangements of atoms in the sample 

7. The image is passed dovm the column through the intermediate and projector lenses, being 
enlarged all the way 

8. The image strikes the phosphor image screen and light is generated, allowing the user to see the 
image. The darker areas of the image represent those areas of the sample that fewer electrons were 
transmitted through (they are thicker or denser). The lighter areas of the image represent those 
areas of the sample that more electrons were transmitted through (they are thinner or less dense) 



http://www.unl,edu/CMRAcfem/temoptic.htm 
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